The small intestine of 3-week-old gnotobiotic chicks was divided into five equal segments for analysis. Since it has been found that most fat absorption occurs in the third and fourth segments, they were selected for study. The major fatty acids in the diet and the feces of chicks were palmitic, stearic, oleic, and linoleic acids. Consequently, these fatty acids were selected for quantitative analyses in the absorption studies. Germ-free chicks were contaminated at 7 days of age with bacteria isolated from the third and fourth intestinal segments, except for the Escherichia coli contaminant, which had been previously isolated from a chicken with air sac disease. There were two different degrees of response by chicks to the bacterial contaminants in this study. For this reason, the chicks were placed retrospectively into two categories according to their response to environmental conditions. The first category (A) contained germ-free chicks and chicks monocontaminated with E. coli, Staphylococcus, or Lactobacillus. The second category (B) was composed of conventional chicks and chicks monocontaminated with Streptococcus faecalis or Clostridium welchii, dicontaminated with S. faecalis and C. welchii, and accidentally polycontaminated with coliforms and anaerobic gram-positive bacilli. Chicks in category A demonstrated increased absorption of palmitic and stearic acids and total fat as compared to category B chicks. Conversely, category B chicks showed slightly increased absorption of oleic and linoleic acids. Thin-layer chromatographic analyses demonstrated that cholesterol esters were affected similarly to fatty acids. The site of absorption of fatty acids, cholesterol esters, and total fat was unchanged, regardless of the environment.
The small intestine of 3-week-old gnotobiotic chicks was divided into five equal segments for analysis. Since it has been found that most fat absorption occurs in the third and fourth segments, they were selected for study. The major fatty acids in the diet and the feces of chicks were palmitic, stearic, oleic, and linoleic acids. Consequently, these fatty acids were selected for quantitative analyses in the absorption studies. Germ-free chicks were contaminated at 7 days of age with bacteria isolated from the third and fourth intestinal segments, except for the Escherichia coli contaminant, which had been previously isolated from a chicken with air sac disease. There were two different degrees of response by chicks to the bacterial contaminants in this study. For this reason, the chicks were placed retrospectively into two categories according to their response to environmental conditions. The first category (A) contained germ-free chicks and chicks monocontaminated with E. coli, Staphylococcus, or Lactobacillus. The second category (B) was composed of conventional chicks and chicks monocontaminated with Streptococcus faecalis or Clostridium welchii, dicontaminated with S. faecalis and C. welchii, and accidentally polycontaminated with coliforms and anaerobic gram-positive bacilli. Chicks in category A demonstrated increased absorption of palmitic and stearic acids and total fat as compared to category B chicks. Conversely, category B chicks showed slightly increased absorption of oleic and linoleic acids. Thin-layer chromatographic analyses demonstrated that cholesterol esters were affected similarly to fatty acids. The site of absorption of fatty acids, cholesterol esters, and total fat was unchanged, regardless of the environment.
There have been many studies on the flora of the intestinal tract and its influence on the host. One measure of such influence is the absorption of dietary fat. It has been generally found that unsaturated fatty acids are absorbed better than saturated ones (4, 6) . Whether this difference is actual or apparent, owing to hydrogenation or selective rejection in the intestinal tract, is not certain.
A knowledge of the anatomical site of fat absorption is important in studying the effect of bacteria on fat absorption. Renner (7) found that the absorption of certain fats in the 4-week-old chick was Intestinal bacteria. Bacteria used for intestinal contaminants in this study were isolated from the third and fourth segments of the small intestine of five 3-week-old chicks. A strain of Escherichia coli previously characterized (1) was also employed as an intestinal contaminant.
Bacteria were introduced into germ-free units as 24 hr broth cultures when the chicks were 1 week old. Each chick was inoculated orally, and a portion of the inoculum was put into the feed and water dispensers to assure proper distribution among the chicks. Three days after hatching, fresh feces from laying hens were placed in the drinking water and feed of some groups of chicks to create a conventionalized environment.
When the experiment was terminated, the purity of each bacterial species in the gnotobiotic units was ascertained by culturing on media used in isolation of the organisms.
Intestinal segments and feces. The small intestine of the chick was divided into five equal portions of approximately 20 cm, depending upon the length of the intestine. The duodenum constituted the first segment. The third and fourth segments were ligated with hemostatic forceps, and the fecal material was then manually expressed from the intestine into petri dishes and chilled for storage. Feces from the 18th through the 21st day of the experiment were also collected from the bottoms of the cages and chilled. All feces were then dried in an oven at 45 C for 12 hr, mixed with a mortar and pestle, and divided into 1-g samples.
Analytical methods. For lipid analyses, feces were analyzed according to Folch's procedure (3). The addition of 1.25 ml of sulfuric acid to 750 ml of chloroform-methanol solution assured hydrolysis of soaps.
The fecal fatty acids were methylated with 5% sulfuric acid in methanol and analyzed with an F & M model 400 gas-liquid chromatograph with a hydrogen flame ionization detector.
The chromatographic peaks were identified by comparing retention times of unknown components with retention times of a known mixture. Peak areas were computed by geometric approximation (peak height multiplied by width at half peak height; 8).
A 5-ml portion of the lipid extract was used for thin-layer chromatographic (TLC) analyses. Smooth glass plates 20 by 20 cm were used with the plate coating (Kieselgel G according to Stahl) 1.0 ml thick. The plates were impregnated by developing in 2.5% glacial acetic acid in diethyl ether and allowed to air dry, and the samples were applied with a microsyringe.
Development was accomplished with n-heptane (85 ml), diethyl ether (15 ml), glacial acetic acid (2 ml), and methanol (3 ml) in a glass developing tank. The plates were sprayed with 50% sulfuric acid in water and dried for 30 min at 180 C. The lipid components were identified by comparison with a reference standard on the plates. Fecal samples of 1 g were analyzed for Cr203 according to the procedure of Kimura Absorption of all four fatty acids and total fat occurred primarily in the third and fourth segments of the intestine (Tables 3 to 7 ). The overall intestinal absorption of palmitic and stearic acids was low, regardless of the environment or segments tested. However, palmitic acid was absorbed better than stearic acid, and oleic acid better than linoleic acid. Tables 3 and 4 show that there was decreased absorption of palmitic and stearic acids in category B chicks, but this effect was less pronounced in chicks monocontaminated with C. welchii or S. faecalis. No deleterious effect on absorption was demonstrated in chicks monocontaminated with Lactobacillus, Staphylococcus, or E. coli.
The absorption of unsaturated fatty acids (oleic and linoleic) was not affected by the environment (Tables 5 and 6 ), other than the fact that there was a slight but consistent increase in absorption in category B chicks. the diet and in the feces of chicks fed this practical diet, were selected for analysis in the absorption studies. The levels of these fatty acids in the diet are shown in Table 2 .
There were two different degrees of response by chicks to the environment in this study. For this reason, the chicks were placed retrospectively into two categories according to their response to environmental conditions. The first category (A) contained germ-free chicks and chicks monocontaminated with E. coli, Staphylococcus, or Lactobacillus. The second category (B) was composed of conventional chicks and chicks monocontaminated with Streptococcus faecalis or Clostridium welchii, dicontaminated with S. faecalis and C. wekchii, and accidentally polycontaminated with coliforms and anaerobic grampositive bacilli. The latter were also stressed by factors other than bacteria, since they were in a unit that had very poor air circulation. The contaminants that caused decreased absorption of the saturated fatty acids also affected total fat absorption in a similar manner (Table 7) .
There was no indication which segment was affected, since the absorption pattern of fatty acids and total fat remained consistent throughout the segments of the intestinal tract studied.
It can be seen by TLC (Fig. 1) 
DISCUSSION
The composition of fecal fatty acids is due to at least four factors, namely, the diet, the differential absorption and hydrogenation of fatty acids in the small intestine, and endogenous lipid from sources such as intestinal epithelial debris.
Absorption of saturated fatty acids (palmitic and stearic) in excreted feces of conventional or normal birds is similar to data previously reported (8, 12) . Gompertz and Sammons (4) think that the poor intestinal absorption of stearic acid in humans is due to selective rejection of the fatty acid by the epithelial cells, but Wiseman (11) concludes that, in addition to selective rejection, poor absorption also results from its formation in the lumen from ingested oleic acid.
The absorption of oleic acid differs from the results reported by other workers (8, 12) , whereas linoleic acid absorption data are similar to those of Boyd and Edwards (personal communication), but lower than those of Young (12) .
It should be emphasized that, in the diet used in this study, the percentages of fat and linoleic acid were different from those reported by other workers. Also, it was not possible to correct for endogenous fat from intestinal epithelium, since Values for total fat absorption in excreted feces of chicks in category B are similar to those reported for normal chicks by other workers (8, 12) . However, fat absorption by category A chicks is much higher than that for category B chicks, and slightly higher than that for germ-free chicks reported by Boyd and Edwards (personal communication). The percentage of fat in this diet may have influenced these results.
The increased absorption of fatty acids and cholesterol esters in category A chicks determined by the previous technique was confirmed by TLC. In the process of absorption, the major portion of cholesterol is esterified with fatty acids and appears in lymphatic chylomicra as cholesterol esters (10) . Since it was demonstrated by TLC that the intensity of the cholesterol ester spots was also altered, it is probable that fatty acids and cholesterol esters were affected in a similar manner. In all cases, cholesterol apparently combines with fatty acids. The absorption of this complex, then, is probably blocked in chicks from category B.
The decrease in spot intensity of the fatty acids and cholesterol esters of the fourth segment can be correlated with the increase in fatty acid and cholesterol ester retention in the intestinal tract. The similarity of the intensities of the fourth segment fatty acids, cholesterol esters, and the excreted fecal fatty acids substantiates the finding that very little fatty acid and cholesterol ester absorption occurred after the fourth segment.
The site of action of intestinal bacteria that caused a decreased absorption of palmitic and stearic acids, and total fat could not be determined, since it seems that all four fatty acids and total fat followed the same absorption pattern previously described for total fat by Renner (7) . LITERATURE CITED
